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ABSTRACT: 

ZnS and Cr doped ZnS nanoparticles have been prepared by chemical precipitation method.X-ray 
diffraction analysis reveals that the undoped and Cr doped ZnS nanoparticles exhibit cubic zincblende structure 
and the average particle size of the nanoparticles is in the range of4.8-5.2nm. The HRTEM studies show that the 
average particle size of undoped and Cr doped ZnS nanoparticles is in the range of 4. 9-5. 4 nm. The 
compositional analysis result indicates that Zn,S and Cr are present in the samples. From the optical studies it 
is obser\’ed that the absorption edge of the prepared ZnS and Cr doped ZnS nanoparticles are shifted towards 
the short wavelength region (blueshift) when compared to that of bulk ZnS and this shift is due to the quantum 
confinement effect present in the samples. Photoluminescence studies showed blue emission with appreciable 
luminescence quenching with increasing Cr concentration.The magnetic behavior of theZnS nanoparticles with 
different chromium concentrations has been investigated by magnetism measurements using a vibrating sample 
magnetometer (VSM). The nanoparticles with lower Cr concentration exhibited strong ferromagnetism, whereas 
in samples with higher Cr concentration the ferromagnetism was observed to besuppressed. 
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I. INTRODUCTION 

Quantum dots of II- VI semiconductors have in particular, received immense attention in recent years 
because of the ease with which they can be synthesized in the particulate range that leads to quantum 
confinement. Quantum confinement of electron - hole pair, due to the decrease of the particle size below the 
Bohr exciton radius, will result in size dependent electronic, optical and magnetic properties, such as increased 
band gap and the blue shift of absorption edge with decrease of particle size. ZnS is an important semiconductor 
with a wide band gap of 3.68 eV in bulk form which leads to its wide applications in optoelectronic devices 
such as solar cells, infrared windows, flat panel displays, sensors and lasers [ 1-4]. Physical and chemical 
properties of materials deviate from the bulk properties with the reduction of size of the particles to the 
nanometer scale. Nanocry stallineZnS particles have a wide band gap than that of the bulk ZnS. In quantum dot 
ZnS nanoparticles the optical absorption edge shifts towards the lower wavelength side (blueshift). The increase 
of band gap with decreasing particle size may be due to quantum size effect [5-8]. 

Nanocry stallineZnS has been prepared by different workers using various techniques such as chemical 
precipitation method, microwave irradiation, micro emulsion, chemical vapor deposition, hot injection, hydro 
thermal, facile one step method and sol-gel spin coating method [9- 16]. Chemical precipitation method is a 
simple and inexpensive method. Doping of other materials in ZnS nanostructures has gained importance in 
recent years. 

Room Temperature Ferromagnetism (RTFM) in Diluted Magnetic Semiconductor (DMS) materials has 
been a subject of special interest in view of their potential applications in spintronic 

devices. The magnetic properties of DMS are critically dependent on the various semiconductor 
parameters like the type of semiconductor, mobility and concentration of the charge carriers. For a long period, 
studies on DMS materials have mainly focused on either bulk materials or thin films. However, the development 
of future spintronic devices requires DMS materials in reduced dimensionality and size, such as DMS quantum 
dots. Recent developments in nanotechnology enable the fabrication of low dimension nano-structures of DMS 
with desired properties. In this direction detailed investigation on tailoring the micro parameters of DMS 
materials is the need of the day. In the present study Cr (1.99, 2.54 and 3.02 at %) doped ZnS nanoparticles have 
been prepared by chemical co-precipitation method and the effect of Cr concentration on the morphology, 
structure , optical and magnetic properties has been discussed. 
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II. EXPERIMENTAL 

In the present study, Cr-doped ZnS quantum dots have been synthesized through chemical precipitation 
technique. Aqueous solution of zinc nitrate (Zn (N03)2.6H 2 0 ) and required amount of chromium nitrate 
(Cr(N03)3.9H 2 0) was stirred for lh at room temperature. Aqueous solution of sodium sulphide( Na 2 S)was 
added drop wise to the solutiontzinc nitrate + chromium nitrate ) and was stirred for 2 hours. A precipitate with 
yellowish orange color was formed soon after the addition of the Na 2 S. The nanoparticles were initially purified 
by precipitating the particles with excess double distilled water and the solution obtained was centrifuged at 
3000 rpm for 10 minutes. The sample was obtained as precipitate and after that the sample was dried at 150 °C 
for 3 hours. 


X-ray diffraction studies have been carried out using PANalytical x-ray diffractometer. Elemental 
composition of the prepared samples has been studied using Energy dispersive analysis of X-ray 
(EDAX,Thermo-Noran system Six) and high resolution transmission electron microscope (HRTEM) images of 
the prepared ZnS and Cr doped ZnS have been recorded using JEOL JEM 2010 microscope. The optical 
properties have been studied using absorbance spectrum recorded using spectrophotometer (JASCO V-570). 
Photoluminescence emission spectrum has been recorded using Cary Eclipse spectrophotometer.FTIR studies 
were carried out using Thermo Scientific Nicolet (iSlO) .To know the magnetic state of the prepared samples, 
room temperature magnetization was studied as a function of applied magnetic field in the range of -15,000 to 
+ 15,000 G using a Lakeshore Vibrating sample magnetometer, VSM-7410. 

III. RESULTS AND DISCUSSION 

Figure 1 shows the X-ray diffraction pattern of ZnS and Cr doped ZnS (1.99% Cr,2.54% Cr and 3.02% 
Cr ) nanoparticles. The diffraction peaks at 20 values 28.8°, 48.15° and 56.85° are indexed as (111), (220) and 
(311) planes corresponding to that of cubic zinc blende ZnS. The lattice constants have been found to be 
a=5.3970 A° and is in agreement with the standard data of JCPDS card No. 03-0570. It is observed that the 
diffraction peaks of the Cr doped ZnS show a small shift towards higher 20 values when compared to that of 
bulk ZnS. This shift may be due to occupation of Cr ions at the Zn sites. The structural parameters calculated 
using X-ray diffraction pattern are given in Table l.The diffraction pattern reveals that the Cr doped ZnS also 
exhibits cubic zinc blende structure. Doping of Cr in ZnS does not lead to any structural phase transformation 
but introduces a lattice contraction. The decrease of lattice contraction on Cr doping is because the ionic radius 
of Cr is less than that of Zn.The average particle size has been calculated using the Scherrer’s formulae [17]. 
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where, D is the grain size, K is a constant taken to be 0.94, 1 is the wavelength of the x-ray radiation, f’> is 
the full width at half maximum and 6 is the angle of diffraction. The particle size of ZnS and Cr doped ZnS 
nanoparticles are found to lie in the range 4.8-5.2nm (+0.1 nm). 

The HRTEM images of the undoped and Cr doped ZnS(1.99% Cr, 2.54% Cr and 3.02% Cr) 
nanoparticles are shown in Fig. 2. The HRTEM image clearly shows that the undoped and Cr doped ZnS 
nanoparticles are of nearly spherical in nature. Using the particle number (frequency %) and the average particle 
diameter of the particles in the HRTEM image the particle size has been calculated. The particle size of 
undopedZnS has been obtained as 4.9 nm and the particle size of 1.99% Cr, 2.54% Cr and 3.02% Cr doped ZnS 
has been found to be 5. 1,5.2 and 5.4 nm respectively. The HRTEM image shown in Fig. 2b, d, f, h exhibit lattice 
fringes and the lattice spacing has been calculated using these fringes. The interplanar spacing of undopedZnS is 
3.12A 0 which corresponds to the (111) plane of the cubic phase of ZnS. HRTEM images of Cr doped ZnS ( 
1.99% Cr , 2.54% Cr and 3.02% Cr ) shows lattice fringes with interplanar distance ranging from 3.10 to 3.07A° 
which also corresponds to the (111) plane corresponding to cubic phase .The lattice spacing of Cr doped ZnS 
nanoparticles is slightly less than that of undopedZnS because of the small ionic radius of Cr when compared to 
that of Zn(r Cr 3+ =0.63A° ,r Zn 2+ =0.78A°).The insets in Fig. 4b,h shows the selected-area diffraction (SAED) 
patterns of ZnS and 3.02% Cr-doped ZnS. The selected-area diffraction patterns exhibit concentric circles, 
revealing that the undopedZnS and Cr doped ZnS are nanocrystalline in nature and are made up of small 
particles. 
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Figure 3a-d shows the energy dispersive X-ray analysis (EDAX) of the ZnS and Cr doped ZnS.The 
chemical constituents present in the sample according to the EDAX results are Zn=51.98% and S=48.02% for 
undopedZnS, Zn=50.53%, S=47.48% for 1.99% doped Cr, Zn=50.16%, S=47.30% for 2.54% doped Cr, 
Zn=49.84%, S=47.14% for 3.02% Cr doped ZnS. 

FTIR spectra of ZnS nanoparticles recorded at room temperature in the wavelength range of4000-400 
cm’ 1 for undoped and Cr doped ZnS nanoparticles are shown in Fig 4a-d.From the spectra the broad band 
between 3000 and 3700 cm’ 1 is assigned to O-H stretching vibration of water as characterized by its bending 
vibration at 1612 cm' 1 [18], because all FTIR spectrawere recorded by mixing samples with KBr there may be 
some adsorbed water vapour, asKBr is hygroscopic. The peak at 1375cm' 1 and 1100cm' 1 is assigned to the 
symmetric bending vibration of methyl group(-CH 3 ) and C-0 group, while the alkenes will have a characteristic 
C=C stretch at 1600-1680 cm _1 [19].The peak at 616 cm 'is assigned to the ZnS band corresponding to sulphides 
[ 20 ], 

Room temperature PL spectra of undoped and Cr doped ZnS nanoparticles recorded using an excitation 
wavelength of 340 nm is shown in figure 5.The figure shows that the as-synthesized ZnS nanoparticles have 
broad emission band at 445nm.This blue emission of undoped particles is attributed to self-activated 
luminescence related to interstitial sulfur ion. Several research groups [21-23] have also reported similar blue 
emission forZnS nanoparticles. In Cr doped ZnS samples photoluminescence quenching was observed. The 
luminescence quenching as a result of Cr doping is attributed to repeated excitations within the Cr sites and 
thermal escape of charge carriers from confined states to other states. D.A.Reddy et al [24] have observed similar 
photoluminescence quenching for 3% Cr doped nanoparticles.From PL spectra it is observed thatas Cr 
concentration increases the luminescence intensity decreases this property is attributed towards the formation of 
deep centers which can inhibit more electrons (holes) to be excited and can lead to the enhancement of 
nonradiative recombination processes. As a result, their emission intensities become weaker than that of pure 
ZnS nanoparticles.From the PL spectra it is also found that Cr doped samples exhibitred shift with increase in Cr 
doping concentration and this may be due to slight change in particle size of nanoparticles. 

Figure 7 illustrates the magnetization versus applied magnetic field (M-H) curves recorded at room 
temperature using VSM for undoped and Cr(1.99%,2.54% and 3.02%) doped ZnS samples. From the figure a 
typical paramagnetic behavior has been observed in the host ZnS and it is attributed to the absence of unpaired 
electrons in its‘d’ orbital. From the figure it is obvious that Cr doped ZnS samples exhibit a strong 
ferromagnetic ordering at room temperature. In brief, the observed ferromagnetism in Cr doped ZnS 
nanoparticles is attributed to the substitution of Cr for Zn, which provides the necessary unpaired spins for 
ferromagnetism. Thus, the observed ferromagnetism in Cr doped ZnS nanoparticles is attributed to the exchange 
interaction between localized‘d’ spinsof the Cr ions and the free delocalized carriers. D.A.Reddy et al [24] have 
observed ferromagnetism in Cr doped ZnS nanoparticles.From the figure7 it is clear that all Cr doped ZnS 
samples of all compositions exhibit hysteresis (M-H loop)at room temperature. XRD studies have not indicated 
the presence of magnetic phases of CrCL or antiferromagnetic phases Cr 2 0 3 and Cr 3 C >4 clusters in the present Cr 
doped ZnS samples. Absence of extra peaks indicates that there are no other impurities present in the 
samples. Hence it may be concluded that the observed ferromagnetism in the present samples is not due to the 
presence of any secondary phases, and is attributed solely to the doping of Cr in ZnS lattice. From the hysteresis 
loop it is observed that (M-H loop) ferromagnetism is much stronger in 1.99% Cr doped ZnS nanoparticles than 
2.54% and 3.02% Cr doped ZnS nanoparticles. This is because as the Cr ions substitute for the Zn ions, the hole 
concentration due to anion increases, thereby Fermi energy level moves up and the exchange interaction is 
enhanced leading to enhanced ferromagnetism.From the figure it is seen that as the Cr concentration increases 
the ferromagnetism is suppressed. With increase in Cr concentration (>1.99%) ,the Cr atoms come closer to 
each other and the super exchange interaction between neighboring Cr atoms becomes anti-ferromagnetic in 
nature .The enhanced anti-ferromagnetic interaction arising from the increased volume fraction of Cr ions 
suppresses the ferromagnetic ordering when Cr dopant concentration is increased. 

The values of coercive field (He) obtained are 1417. 8G for 1.99% Cr doped ZnS , 1258. 3G for 2.54% Cr 
doped ZnS and 304. 74G for 3.02% Cr doped ZnS nanoparticles. The corresponding values of saturation 
magnetization (Ms) are 162.86 x 1 O’ 6 , 303.59 x 10" 6 and 371.28 x 10' 6 emu/s for 1.99% , 2.54% and 3.02 Cr 
doped ZnS nanoparticles. The values of retentivity (Mr) are 81.723 x 10' 6 , 35.504 x 10' 6 and 52.809 x 10’ 
6 forl.99%, 2.54% and 3.02 Cr doped ZnS nanoparticles.lt is observed that ZnS nanoparticles with lower Cr 
(1.99%) concentration exhibited strong ferromagnetism, whereas in samples with higher Cr (2.54 and 3.01%) 
concentration. 
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Optical absorption spectra of undoped and Cr doped ZnS nanoparticles are shown in Fig 5. It is well 
known that the position of absorption edge is related to the size of the nanoparticles.The absorption edge of the 
ZnS nanoparticles shows a blue shift and is located at 300 nm when compared to the value 337nm of bulk ZnS. 
This blue shift is due to quantum confinement effect which isdue to decrease in particle size[25-26]. Absorption 
spectra of Cr doped ZnS nanoparticles shows that the absorption edge is slightly shifted towards the longer 
wavelength (red shift ) when compared to undopedZnS. The shift of the absorption edge to the longer 
wavelength is due to the small increase of particle size with increasing Cr concentration. The fundamental 
absorption, which corresponds to the electron excitation from the valance band to the conduction band,can be 
used to determine the nature and value of the optical band gap. The absorption maxima for undoped and 1.99% , 
2.54% and 3.02% Cr doped ZnS nanoparticles lie at 300 nm,302 nm ,306nm and 307 nm , respectively. The 
band gap of all the samples was calculated using a simple wave energy equation [27]. 

= (2) 

The band gap has been calculated and is found to be 4.14 ,4.11 , 4.06 and 4.04 eV for undopedZnS and 
1.99% Cr, 2.54% Cr and 3.02% Cr doped ZnS respectively. 

In a bulk semiconductor a bound electron - holepair, called an exciton, can be produced by a photon 
having an energy greater than that of the band gap of the material. The band gap is the energy separation 
between the top filled energy level of valance band and nearest unfilled level in the conduction band above it. 
The photon excites an electron from the filled band to the unfilled band above. The result is a hole in the 
otherwise filled valance band, which corresponds to an electron with an effective positive charge. Because of 
the Coulomb attraction between the positive hole and the negative electron, a bound pair, called an exciton, is 
formed that can move through the lattice. The existence of the exciton has a strong influence on the electronic 
properties of the semiconductor and its optical absorption.lt is particularly interesting to see what happens when 
the size of the nanoparticles becomes smaller than or comparable to the radius of the orbit of the electron - hole 
pair.There are two situations, called the weak confinement and the strong confinement regimes. In the weak 
regime the particles radius is larger than the radius of the electron - hole pair, but the range of motion of the 
exciton is limited, which causes a blue shift of the absorption spectrum. When the radius of the particle is 
smaller than the orbital radius of electron - hole pair,the motion of the electron and hole become independent 
and the exciton does not exist. The hole and electron have their own set of energy levels. Here also there is a blue 
shift [28]. Quantum size effects become dominating when the size of the nanocrystallites is less than bulk 
exciton Bohr radius and it affects the electronic energy bands of the semiconductors. Coulomb interaction 
between the hole and the electron plays a crucial role in nanocrystalline materials. The quantum confinement of 
charge carriers modifies the valence and conduction bands of the semiconductors. The blue shift in the band gap 
of nanoparticles due to quantum confinement is of the quantitative form [29] 

g nano bulk + /r Z 7T^_l^ e _ ^ 

g g 2//R 2 sR 

where E" a "° and E^ ulk are the band gap values of the nanoparticles and the bulk material respectively, p =m c 

m h / (n\,+m h ) is the reduced mass and m e and m h are effective masses of electron (0.19 m for ZnS) in conduction 
band and holes (0.80 m for ZnS) in valance band respectively, e is the electron charge, e is the relative 
permittivity of the semiconductor, R is the radius of the particle and the second term is the columbic term and is 
generally neglected. The particle size has been calculated using Eq.3. The particle size of ZnS and Cr doped ZnS 
is found to lie in the range of 4-5 nm.As the particle size obtained from X-ray diffraction, HRTEM and optical 
absorption studies is smaller than Bohr radius of 2.5 nm for ZnS, the strong confinement effect is assumed to be 
present in the preparedZnSand Cr doped ZnS quantum dots. 
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IV. CONCLUSION 

ZnS and Cr doped ZnS nanoparticles have been prepared by chemical precipitation method.X-ray 
diffraction results reveal that ZnS and Cr doped ZnS nanoparticles exhibit cubic zincblende structure. The 
average particle size of the nanoparticles is found to be in the range of 4.8 - 5.2 nm.HRTEM image shows the 
formation of ZnS and Cr doped ZnS nanoparticles with an average particle size of 4.6 - 5.0 nm.The PL spectra 
of undoped and Cr doped ZnS samples shows blue emission and a rapid luminescence quenching was observed 
with increasing Cr concentration. The absorption edge of Cr doped ZnS nanoparticles is found to be shifted 
towards longer wavelength side when compared to that of undopedZnS and the band gapis observed to lie in the 
range of 4.18 - 4.23 eV.The nanoparticles with lower Cr concentration exhibited strong ferromagnetism, 
whereas in samples with higher Cr concentrations the ferromagnetism was found to be suppressed. 
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Figure 1 . X-ray diffraction pattern of ZnS and Cr doped ZnS 



Figure 7.UV Absorbance spectra of ZnS and Cr doped ZnS nanoparticles. 
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Figure 3. ED AX pattern of ZnS and Cr doped ZnS 
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Figure 4.FTIR spectra of (a) ZnSand (b) 1 .99% Cr, (c) 2.54% Cr and (d) 3.02% Cr doped ZnS 



Figure 6.Plot of magnetization versus magnetic field ofZnS and Cr doped ZnS nanoparticles 
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Figure 5. PL emission spectra of ZnS and Cr doped ZnS nanoparticles. 
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Figure 2.HRTEM images of (a, b) ZnS and Cr doped ZnS, (c, b) 1.99% Cr, (e, f) 2.54% Cr and (g, h) 3.02% Cr 
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Table 1 Structural parameters of ZnS and Cr doped ZnS nanoparticles 


Material 

2 0(im 

d(A) 

Calculated values 

Grain size (nm) 

a (A) 

ZnS 

28.69 

3.106 

5.397 

4.8 

1.99% Cr doped ZnS 

28.80 

3.098 

5.384 

5.0 

2.54% Cr doped ZnS 

28.85 

3.096 

5.365 

5.1 

3.02% Cr doped ZnS 

28.94 

3.091 

5.352 

5.2 
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